Aim: To investigate the frequency and risk factors of perioperative, symptomatic venous thromboembolism (VTE) after gastroenterological surgery.
| INTRODUC TI ON
Venous thromboembolism (VTE) is a well-recognized, common surgical complication in European countries. The incidence of fatal VTE ranges from 0.1% to 0.8%. 1 However, a recent survey indicated that the age-adjusted mortality rate from VTE markedly increases.
2
According to a recent study in Japan, VTE occurred in 24.3% of patients undergoing abdominal surgery, including asymptomatic
cases. 3 This result shows that the incidence of VTE in Japan is not inferior in comparison with Western countries.
The risk of VTE differs across various patient and disease factors and types of operation. The risk of VTE is highest during the initial period after the diagnosis of malignancy. 4 VTE, including asymptomatic cases, occurs in up to 20% of cancer patients and is one of the leading causes of death in patients with cancer. 5, 6 VTE is a potentially fatal but preventable complication after major gastroenterological surgery for cancer. 7 However, the incidence of symptomatic VTE is very low during the operation, requiring a large sample size to detect risk factors in detail.
The National Surgical Quality Improvement Program (NSQIP) of the American College of Surgeons provides practical and real-time clinical data about surgical risks to surgeons. 8, 9 On the other hand, in Japan the National Clinical Database (NCD), a nationwide project that is linked to the surgical board certification, started patient registration in January 2011. 10, 11 This prospective, multicenter clinical registry was created to provide feedback on risk-adjusted outcomes to hospitals and surgeons for quality improvement purposes. This system covers more than 90% of general surgeries performed in Japan, with 9 690 000 patients from more than 5100 hospitals registered each year.
The NCD collects reliable and validated data, including demographics, laboratory results, comorbidities, and postoperative outcomes for patients undergoing a range of surgeries in Japan.
In this study, using the NCD system, we identified the risk factors for perioperative VTE for patients undergoing gastroenterological surgeries.
| ME THODS

| Patient selection (data collection)
Japan's NCD is a nationwide project in cooperation with the certification board of the Japan Surgical Society. From January 2011, data for more than 9 690 000 patients undergoing surgery were collected from more than 5100 hospitals registered each year. Information about operations performed nationwide was registered in the NCD by data management departments from the participating institutions (http:// www.ncd.or.jp). The data were evaluated annually using a web-based data management system to assure data traceability. 12 This system also validates data consistency by inspecting randomly chosen institutions.
The NCD is continuously updated by data management departments from participating institutions and is evaluated annually using an internet-based data management system to ensure data quality.
Current laws, ordinances, and guidelines regarding the confidentiality of data are observed. Patients agree to have their data included in research projects by using presumed consent with opt-out through the Web page and/or a notice at each hospital.
In this study, we used eight gastroenterological procedures (gastrectomy, total gastrectomy, hepatectomy, esophagectomy, right hemicolectomy, low anterior resection, pancreaticoduodenectomy, and acute pan-peritonitis surgery) data. Because these data were determined to represent the performance of surgery in each specialty, the input of detailed items such as laboratory data and operative morbidities was requested.
Within these procedures, there were 382 124 cases between 2011 and 2013 and 134 093 cases in 2014. We used data between 2011 and 2013 as a test set to develop the prediction model and data from 2014 as a validation set.
| Endpoint
The primary objective was to investigate the frequency of VTE and pulmonary embolism (PE) in actual clinical practice from data in the NCD. A secondary objective was to identify the risk factors for perioperative VTE and PE.
| Prediction model development
We developed two different risk models for predicting postoperative VTE. One used pre-and intra-operative factors. In the other model, postoperative factors were added. PE was analyzed separately using a similar approach.
Univariate analysis was done using Fisher's exact test and the two-tailed t test. In the development of the dataset, we built multivariable logistic regression models using a forward step-wise selection of predictors with a P = 0.05 for entry and P = 0.10 for exit.
Basically, in cross-tabulation with the responding outcome, variables that were <0.2 and variables that seem to be clinically significant even if some P > 0.2 were added.
Even if these were a similar event, we used the combination of categories that were logically consistent and clinically relevant from a clinical point of view.
We assessed the models' performances by applying the predictor to the validation dataset and evaluating its ability to discriminate between the presence and absence of VTE or PE using the C-index, which reflects the area under the receiver operating characteristic (ROC) curve for VTE or PE. A ROC curve is a plot of a test's true-positive rate (sensitivity) versus its false-positive rate (1 -specificity).
Each point on the ROC curve indicates a pair of false-and true-positive rates that is achieved using a particular threshold to dichotomize the predicted probabilities. All statistical analyses were performed using SPSS (version 21; IBM Corp., Armonk, NY, USA). This study was approved by the institutional review board of Japan Surgical Society.
| RE SULTS
| Incidence of DVT and PE
The incidence of deep vein thrombosis (DVT) and PE associated with the eight gastroenterological procedures are shown in Table 1 .
In the NCD data, PE was diagnosed by dynamic computed tomography (CT) scan, pulmonary arteriography, or by pulmonary blood flow scintigrams within 30 days after surgery. DVT was diagnosed by dynamic CT scan or duplex scan within 30 days after surgery. The incidence rate of DVT associated with the eight surgical procedures was between 0.1% and 0.7%.
The highest incidence rate (0.7%) was seen with acute panperitonitis surgery followed by esophagectomy (0.6%). The incidence of PE was between 0.1% and 0.3%. The highest incidence (0.3%) was associated with esophagectomy and acute panperitonitis surgery.
| Patient characteristics
The patient population represented in the NCD had an average age of 68.6 years. The mean body mass index (BMI) of the population was 22.1 kg/m 2 . In the VTE-positive group, BMI and creatinine levels were significantly higher and the estimated glomerular filtration rate was lower. Regarding the intra-operative factors, the operation time was significantly longer and the loss of blood was greater in the PE-positive group (Table 2) . 
| Risk profile associated with postoperative VTE and PE
There were no significant differences in the profiles of the variables between the data set and validation sets. All risk model data were derived from multivariable analysis.
| Risk factors for VTE and PE
The final logistic regression models with odds ratios (ORs) were summarized. The 95% confidence intervals (CIs), statistical significance of each model and β-coefficient intercept are presented.
The risk factor for VTE using the pre and intra-operation factors included 23 factors ( Table 3 ). Similarly, 18 pre-and intra-operative factors were evaluated for PE (Tables 5 and 7) , and the results were similar to those for VTE.
For PE, 28 pre-, intra-, and postoperative factors were selected (Tables 6 and 7 The variables of age were categorized into four groups, which is less than 39, 40-59, 60-74, and more than 75 y. Therefore, this odds ratio indicates an alteration of relative risk for one unit of increase in the age category.
TA B L E 3
The risk for VTE associated with pre-and intra-operative factors (N = 382 124)
TA 
| Model performance
To evaluate model performance, the C-index (a measure of model discrimination), which was the area under the ROC curve, was calculated for each data set in the models (Fig. 1) . The C-indices of the model for VTE and PE using pre-and intra-operative factors In the validation set models, the C-indices of the model for VTE and PE using pre-and intra-operative factors were 0.709 (95% CI:
0.687-0.730; P < 0.011) and 0.720 (95% CI: 0.687-0.752; P < 0.017),
respectively. The C-indices of the model for VTE and PE using pre-, intra-, and postoperative factors were 0.814 (95% CI: 0.795-0.832; P < 0.009) and 0.797 (95% CI: 0.767-0.827; P < 0.015), respectively (ROC depicted in Fig. 1 ). These data sets indicate the good discriminatory performance of the model.
| Calibration of the model
The predicted rate of VTE or PE using the risk model was highly consistent with the actual rate of onset in the validation data from the low-risk group through to the high-risk group (Fig. 2 ).
| D ISCUSS I ON
In this study, we used a database that included the largest number of registrations in Japan to investigate the frequency and risk factors for perioperative, symptomatic VTE and PE in clinical practice. The number of cases was 516 217, which was considerably larger than the number of cases in past reports.
In the eight surgical procedures assessed, the frequency of PE was 0.1%-0.3%. The incidence was highest with the pan-peritonitis operation and esophagectomy. The frequency of DVT was also 0.1%-0.7%.
The surgical procedures with the highest incidence of DVT were the pan-peritonitis operation and esophagectomy. A previous study of patients in Japan reported that the incidence of perioperative PE during general surgery was 0.33%. 13 The results of our study did not differ Table 7 .
TA B L E 5 The risk for pulmonary embolism (PE) with pre-and intraoperative factors (N = 382 124)
in NSQIP data. This frequency is a little higher than the data from Japan and could be due to racial differences.
In this study, the frequency of PE was classified as low risk or high risk according to the 7th American College of Chest Physicians guidelines and Japan's guidelines. In these guidelines, cancer operations are classified as high risk. However, in the present study, among the surgical procedures, the risk was lower than that reported in the guidelines.
However, the Japanese VTE risk score, the Wells score, 15 This study has some limitations. We could not detect symptomatic versus asymptomatic VTE in the NCD data.
Prophylaxis has a great influence on the postoperative onset of VTE. However, the NCD has no information on what VTE prophylaxis was provided. Anticoagulant prophylaxis for VTE would provide important information about bleeding complications, but the NCD data does not include information about bleeding events associated with anticoagulant prophylaxis. The analysis of risk factors for VTE would be more accurate if the NCD database included such information and the kind of prophylaxis that was used.
In conclusion, the frequency of VTE and PE differed according to the type of surgical procedure (0.1%-0.3% and 0.1%-0.7%, respectively). Esophagectomy and pancreaticoduodenectomy were strong risk factors for VTE and PE. Also, the risk of VTE and F I G U R E 2 The calibration of the model for venous thromboembolism (VTE) or pulmonary embolism (PE). OP, operation PE also differed according to the type of surgical procedure. We recommend that these differences be reflected in the VTE risk 
